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Abstract  

X-ray radiography is not an ideal method to follow scoliotic progression due to its 
detrimental radiation effects. A 3D ultrasound imaging system is proposed as a 
prospective and safer technique. However, a proper pre-scanning procedure has to 
be established to ensure a reproducible scanning. Such a method is already 
developed and studied for X-ray radiography with positive results. It concerns the 
use of a stick to position fists on clavicles in combination with a balancing plate, 
the BalancAid, to align the feet in a balanced upright standing position. Applying 
the same standing posture for 3D ultrasound imaging may generate a comparable 
result to that of in X-ray radiography. However, no study has reported such 
framework thus far. An observational prospective analysis of posture 
reproducibility on 3D spinal ultrasound imaging is presented in this study. We 
investigate the influence of sweeping an ultrasound probe along the back of 29 
scoliotic patients while performing ‘fists on clavicle with stick’ arm position and 
standing on a balancing plate. This study is aimed to examine the posture 
reproducibility of 29 scoliotic patients that are positioned with their fists around a 
stick against their clavicles and feet standing on a balancing plate while an 
ultrasound probe is swept on their back for 3D spinal ultrasound imaging. With 
ultrasound, scoliotic progression can be followed more intensively. The fists were 
positioned on their clavicle by means of a stick. The standing posture was aligned 
by using the BalancAid. The posture reproducibility was measured by evaluating 
body marks movements out of photography acquired in posterior-anterior (PA) 
and lateral (LA) views in two consecutive sessions. The body marks were applied 
on the skin near T3, T7, T12, L4. Lines between body marks created 9 PA and 3 
LA angles. Two different set-ups were compared: position 1 (standing on the 
ground while positioning fists on clavicles with a stick) and position 2 (standing 
on the BalancAid while positioning fists on clavicles with a stick). The 3D spinal 
ultrasound imaging was simulated by sweeping a probe along the spine in PA 
view during both positions. For each posture, seven photographs, each 
representing a specific probe position during sweeping, were acquired 
simultaneously for both views. A student’s t-test (paired samples) on all body 
marks angles in both PA and LA views in two sessions confirmed that position 2 
is significantly better in terms of reproducibility than standing on the ground (P < 
0.05) for several angles and probe positions. Furthermore, the means of the paired 
differences in PA and LA view of position 1 and position 2 have demonstrated 
that position 2 performs better for all angles and all probe positions for both PA 
and LA views. It is recommended to perform 3D spinal ultrasound imaging in this 
position. 
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6.1. Introduction 

As the standardized procedure, full spinal X-ray radiography is employed for 
assessing scoliosis progression over time [1-3]. However, owing to detrimental 
radiation exposure which increases the risk of having breast cancer in the future 
[4-8], it is recommended to minimize the use of X-ray radiography for observing 
scoliotic progression [4;9]. Additionally, 2D spinal X-ray radiographs taken in 
standing anterior-posterior (AP) and lateral (LA) views are considered to be 
inadequate to represent the 3D spinal deformity phenomena [10;11].  

A number of techniques to minimize or replace the use of X-ray radiography have 
been proposed in the past [9;12]. The application of 3D ultrasound imaging has 
been proven to contribute to more extensive information for medical diagnoses 
[13-16]. Its capability of generating structural volumetric representation has 
brought about significant improvements in visualization and in measurement 
accuracy and analysis. In spinal observation, ultrasound imaging has been 
implemented in the measurement of axial rotation of the vertebrae and confirmed 
correlation with the vertebral rotation calculation out of pedicles in X-ray 
radiographs [17]. This method, however, only applies 2D US scanning of the 
marked skin of the back. In fact, what can be seen in the ultrasound images is not 
the bony structure, but only the reflection of some parts of the bone surface as 
investigated later on by Brendel et al [18]. The study of Purnama et al [19] has 
also shown that the ultrasound signal reflects on the processi transversi and 
proved that such 3D ultrasound imaging system is an appropriate system to 
determine the shape of the human spine. These previous studies have emphasized 
that 3D ultrasound imaging is a suitable solution for imaging the spinal deformity 
without radiation risks.  

In addition, a reliable and reproducible posture is required to produce an accurate 
spinal deformity measurement. However, no studies have specifically 
investigated a reproducible posture for 3D ultrasound imaging of the spine. The 
previous studies merely performed the scanning in prone position. In view of the 
fact that a standing position is preferred as a functional balance posture for 
assessing the actual spinal deformity, it is important to perform the 3D ultrasound 
imaging of the spine in a standing position. This position also must allow 
comparison of the 3D ultrasound image with X-ray radiographs. Furthermore, the 
standing position for 3D ultrasound imaging of the spine must minimize any 
positional variabilities which influence the measurement accuracy that  could lead 
to misdiagnosis.  

The use of a balancing plate, the BalancAid, has been shown to improve the 
posture reproducibility during X-ray spinal radiography on healthy volunteers and 
scoliotic patients. With the BalancAid the posture is more constant than during 
free standing, due to the fact that the subject has to attain a balanced posture with 
the centre of mass remained at a constant location. In addition, investigation on 
different arm positions in Chapter 5 has resulted in a standing posture with fists 
on the clavicles with a stick in combination with the BalancAid to be the most 
reproducible posture of the subjects.  
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It is likely that this scheme is also beneficial for US scanning. However, the 
influence of probe sweeping on the back of scoliotic patients may disturb this 
balancing effect as the pressure may induce instability.  

The objective of this study was to investigate the influence of probe sweeping on 
the back of scoliotic patients on the posture reproducibility while using the 
BalancAid. The feasibility was determined by comparing the traditional standing 
posture on the ground and positioning the fists on the clavicles with a stick with 
standing on the BalancAid, also accompanied by fists on the clavicles with a stick.  

 

6.2. Materials and Methods 

Patients 

Twenty nine scoliotic patients participated in this observational study. The 
recruitment was based on approval by the Medical Ethical Committee of the 
University Medical Center Groningen (UMCG). The exclusion criteria includes 
gender (male), age (other than 12-18 years old), last measured Cobb angle > 60˚, 
not able to stand up straight without support, back pain, spinal fusion, pregnancy, 
and having neurological diseases. Our objective of recruiting young female 
scoliotic patients was that this group is in the growth age where the spinal 
deformity is statistically progressing significantly. Therefore, monitoring the 
progression is usually done in this period with the intention that the best treatment 
can be decided when the age reaches maturity. The subjects had a mean age of 
14.3 ± 1.55 [12 - 17] (average ± standard deviation [range]) years old, weight 
50.48 ± 11.64 [26 - 81] kg and height 1.63 ± 0.10 [1.37 - 1.79] m. Based on the 
observation on 17 patients, 8 subjects had a thoracic curve, 4 had thoracolumbar 
curve, 2 had a double curve (thoracic and thoracolumbar) and 3 had a 
thoracolumbar and lumbar curve. The mean of the thoracic Cobb angle was 27.8˚ 
± 12.64 [14 – 47˚]. The thoracolumbar curve has a mean of 26.17˚ ± 8.52 [11 – 
35˚]. The combination between the thoracic and thoracolumbar curves has a mean 
of 22.50˚ ± 2.12 [21 – 24˚]. The combination between the thoracolumbar and 
lumbar curves has a mean of 29.67˚ ± 0.58 [29 – 30˚]. 

The materials and methods used for this study is partly similar to which has been 
reported in the previous chapters, including the BalancAid, posture quantification 
with the body marks, measuring set up, and photographic acquisition lay-out. The 
BalancAid is employed to adjust the patient’s posture in a specific equilibrium 
state where balance is obtained. The patients were required to undress the torso to 
fully expose their back to apply body marks and to perform the examination. The 
body marks for scoliotic patients were placed in the same way as for healthy 
volunteers. Eight markers were located approximately at both sides of T3, T7, 
T12 and L4 of the spine in PA-view and four markers were placed in LA view at 
same level as the markers in PA-view. Since the spinal deformity may alter the 
trunk position in scoliotic patients, the positioning of the body marks in scoliotic 
patients may differ from that of in healthy volunteers. Because the quantification 
of the body marks was performed twice, it was important to ensure that the body 
marks remain in the same position until the measurements are finished. 
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Measuring Set-up 

While the patient was standing in both set-ups, the probe was swept along the 
midline between the body marks in PA-view. Seven photographs, representing 
the probe position during the probe sweeping for both views and postures for 
each PA- and LA-views, as illustrated in Figure. 6.1 were taken simultaneously. 
Both set-ups necessitated the patients to hold the breath for approximately 30 
second during the probe sweeping process. To investigate the reproducibility, we 
performed both set-ups in two subsequent sessions with a delay time of 90 
minutes in between.  

Both set-ups were established to mimic the set-up of the real X-ray imaging of the 
spine procedure. Two digital cameras were positioned perpendicularly to each 
other at 1 m from the subject. The centre of the lens is used as calibration mark. 
The cameras were adjusted to obtain the proper setting, height, and distance 
before the photography session. The layout of the measurement set-up is 
comparable to that of the posture reproducibility in the previous chapters. 

Protocol 

The difference with the posture reproducibility studies as presented in the 
previous chapters is that this posture reproducibility study applied a 3D 
ultrasound simulation with ultrasound gel distributed along the back and 
acquisition by seven photographs instead of one was done during this simulation 
while the probe was swept on the back of the patient, as shown in Figure. 6.1. 
Due to fragility and cost reason, a replica of an ultrasound probe was used to 
mimic the real ultrasound probe. 

The simulation of the spinal 3D ultrasound imaging was performed by sweeping 
the probe on the back along the midline between the left and right side of the 
body marks. The midline of body marks 1 and 2 became the starting point of the 
probe sweeping and the midline of body marks 7 and 8 was the end point.  

 
(a) (b) 

 
Figure 6.1. Probe sweeping direction and acquisition scheme during probe sweeping 

in LA-and PA-views 
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The probe sweeping simulation was performed in two different positions:  

Position 1 :  
Standing on the ground by positioning the fists on the clavicles with a stick 

This position is based on the fists-on-clavicle position as described by Faro et al 
[20]. The use of a stick during this arm position has been proven to produce 
improved reproducibility. The elbows are fully flexed and the hands are grasping 
a stick, with the palm of the hands facing the body. The distance between the 
hands is 6 cm and the degree of shoulder flexion is 30˚. The patient is standing on 
the ground for this position. 

Position 2 :  
Standing on the BalancAid accompanied by fists on the clavicles with a stick 

The arms are positioned in the same way as in Position 1. The subject is standing 
on the BalancAid, instead of standing on the ground. The procedure of standing 
on the BalancAid is given in Chapter 3. 
 

Data Analysis 

The body marks location on the acquired photographs was defined by the 
coordinates of the geometric centre of each mark. A custom Matlab script (The 
MathWorks, Inc) was utilized to identify this geometric centre on the acquired 
photographs in both PA- and LA-views, determine the coordinates, and calculate 
the angles of each points.  

Similar to the body marks determination in the posture reproducibility study for 
X-ray radiography, twelve angles in PA-view (indicated by a, b, c, …, l) and 6 
angles in LA-view (indicated by m, n, o, … , r) were defined out of the body 
marks. Any redundancy in the quadrilateral analysis was avoided by taking into 
consideration 3 out of 4 angles in the quadrilateral body marks in PA-view. For 
the same reason, 3 out of 6 angles in the LA view were dispensed. As a result, we 
analyzed 9 angles (a, b, c, e, f, g, i, j, k) in PA-view and 3 angles (m, o, q) in LA-
view. Since the photographs were taken during probe sweeping, the blocking 
visibility of some body marks by the arm and hand of the probe sweeping 
operator occassionally could not been avoided, causing some missing angles.  
 

Statistical Calculation 

The missing value in specific angles due to the operator’s blocking arm and hand 
were excluded from the analysis. The reproducibility was determined in the same 
way as the previous chapter. The measurements of the two set-ups (position 1 vs 
position 2) acquired in two consecutive sessions were evaluated by means of 
student’s t-test (paired samples). First, for all patients the absolute differences 
between the two consecutive sessions per angle was calculated for each position. 
The difference between these absolute differences was calculated per angle. It 
was checked per angle if these differences (in absolute sense) follow a normal 
distribution.  
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Then per angle and per probe position the absolute differences of the two 
positions were subjected to a paired student’s t-test to investigate if there is a 
significant difference between those positions concerning reproducibility. Pearson 
method was used to identify correlation between the tested positions, with P < 
0.05 considered to be statistically significant. Statistical analysis was performed 
using commercial statistical software (SPSS 16.0 for Windows; SPSS, Inc.) to 
compare the paired measurements. 

 

6.3. Results 

The normality distribution check have confirmed a normal distribution in all 
cases. The paired student’s t-test results, comparing the two positions per angle 
and per probe position are presented in Table. 6.1. The results show that there are 
significant differences between the two positions (P < 0.05). The significant 
differences occur for angle i probe 2, angle a and g probe 4, angle a probe 6, and 
angle o probe 6. In all of these cases posture 2 has a better reproducibility than 
posture 1. When we compare the means of the paired differences in PA- and LA-
views of position 1 and position 2 it is clear that position 2 has a lower difference 
between two consecutive sessions than position 1 for almost all angles and all 
probe positions in both PA- and LA-view, which is an indication for the 
superiority of position 2. When we consider the number of angles and probe 
positions where position 2 shows a better reproducibility than position 2, then 
position 2 scores best in 65 cases and position 1 in only 12 cases. 

 

Table. 6.1. The paired student’s t-test for the comparison between position 1 and position 2. Statistical 
significant results are highlighted in bold italic. 
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6.4. Discussion 

The challenge of avoiding detrimental radiation exposure on the use of excessive 
X-ray radiography (or even EOS system) to observe scoliosis progression due to 
detrimental radition risk has motivated us to propose a safer system to follow 
scoliosis progression frequently. A 3D spinal ultrasound imaging system is 
chosen for the reason that it is a radiation-free imaging system which has been 
widely applied and available, in order that the observation can be performed more 
often leading to accurate treatment decision. Moreover, the use of the 3D 
ultrasound imaging enables to perform a spinal deformity observation in a more 
comprehensive manner for the reason that it can generate the structural 
volumetric representation which is more suitable to the 3D phenomenon of 
scoliosis.  

Like for X-ray radiography, posture irreproducibility should be diminished, since 
it has been reported to cause inaccuracies in scoliosis measurement which may 
lead to improper diagnosis and treatment. However, posture variabilities due to 
natural stance cannot be easily avoided. In the previous studies, the use of a 
balancing device, the BalancAid, has been verified to be beneficial not only to 
align the patient’s posture in the anterior superior iliac spine parallel to the film 
plane of X-ray radiographs, but also to correct the natural posture 
irreproducibility from the balanced posture. Furthermore, performing one arm 



CHAPTER 6 

78 

position for both PA- and LA- views for X-ray radiography tends to reduce the 
risk of yielding an irreproducible measurement due to postural changing between 
the PA- and LA-view acquisition. Our previous study on one arm position by 
employing a stick to locate the fists on the clavicles in a more predetermined 
manner has resulted in an optimal reproducibility. A combination between 
performing ‘fists on clavicle with stick’ arm position and standing on the 
BalancAid is expected to diminish erroneous variability in spinal X-ray 
radiography and generate an accurate deformity measurement leading to better 
diagnosis.  

Since no studies have concentrated on posture reproducibility on the spinal 3D 
ultrasound imaging system in standing position, the results of our study may 
contribute significantly on performing a new scheme of scoliosis monitoring. 
Especially, by considering the functional balance posture and the probe sweeping 
influence during spinal 3D ultrasound imaging to guarantee that the posture is 
comparable to that of in the standardized scheme, this study may be proposed and 
developed into a reference to perform such a scheme in the future.  

The scoliotic patients participating in this study represent young patients with 
moderate or severe scoliosis who need to be monitored to follow the progression 
over time. This group is supposed to obtain the advantage of applying 3D spinal 
ultrasound imaging for monitoring  scoliosis progression. By involving this group 
in the posture reproducibility study for 3D spinal ultrasound imaging, the 
feasibility of applying such posture reproducibility scheme to this group can be 
determined.  

Generating a reproducible posture for 3D ultrasound imaging of the spine is, 
however, not obvious, since the probe pressure and sweeping along the spine may 
disturb the stationary standing posture. This is based on the fact that the probe 
pressure and sweeping to the back may induce any movement and postural 
instability due to the body response on the probe influence. Furthermore, the 
sweeping of the ultrasound probe along the back needs to be performed with 
breath holding for 30 second to avoid unnecessary movements that may affect 
the quality and accuracy of the spinal 3D ultrasound volume. Seeing that the 
combination of positioning ‘fists on clavicle with stick’ and standing on the 
BalancAid has been proven to be a prospective scheme to align the posture in a 
reproducible and upright position during X-ray spinal radiography on healthy 
volunteers and scoliotic patients, this study is intended to investigate the 
combination of such scheme on solving the probe sweeping influence to the 
posture during 3D ultrasound imaging of the spine.  

Our comparison on the two positions regarding reproducibility of the tested 
standing postures represented by a paired student’s t-test has revealed that 
position 2 has a statistically significant better reproducibility (P < 0.05) for 
several angles and probe positions. Apart from these results, a further indication 
of the superiority of position 2 over position 1 was found by comparing sum of 
the differences between the absolute differences over all angles per probe position 
for both PA-and LA-view. This comparison shows that for most cases position 2 
has a better reproducibility. For a more valid confirmation of this study, we will 
recrute more patients and then perform a more comprehensive statistical method, 
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complex multilevel analysis by means of mixed effects model, to verify the 
posture reproducibility analysis in a more dependable and robust manner. We 
expect that with more patients and a more robust and powerful statistical method 
the superiority of position 2 will be statistically significant in more situations.  

The results have also emphasized that the postural erroneous variabilities due to 
probe sweeping influence on the back during 3D ultrasound imaging of the spine 
can be effectively solved by applying the prescribed arm position and by standing 
on the BalancAid. Although the variety among the scoliotic patients is large 
concerning type of scoliosis (thoracic, thoracolumbar, lumbar; primary and 
secondary curvature) and severity (Cobb angle), which may be presumed to have 
difficulties in standing upright and balanced, the patients are still capable of 
performing the 3D ultrasound imaging of the spine satisfactorily. These findings 
show that such a scheme is recommended for future studies on 3D ultrasound 
imaging of the spine.  

According to our experience during this study, holding the breath for 30 seconds 
is considered to be the maximum breath-holding capability for this scheme and 
such time is adequate for sweeping the ultrasound probe for the whole spine 
(excluding the upper cervical vertebrae). Also the required concentration of the 
patients performing multiple tasks (breath holding, standing balance, and 
positioning the arms), did not influence the outcome negatively.  

 

 

6.5. Conclusions 

The combination of positioning the fists on the clavicles with a stick and standing 
on the BalancAid has improved the posture reproducibility during the probe 
sweeping in the 3D ultrasound imaging of the spine when compared to standing 
on the ground with th same arm position. So standing on the BalancAid proved to 
be a better method in terms of posture reproducibility than standing on the 
ground. 
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